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(54) Abstract Title 

Apparatus and method for producing oil and gas 

(57) The main problem area this invention is solving, is 
concerning reservoirs containing gas with to low 
well-head pressure. It is therefore desirable to increase the 
well-head pressure by applying downhole pumps, 
however this is not possible if gas is present. The core 
idea in this present invention, is to place a pump (5) in a 
"bath" of oil (14), in which oil "bath" (14) makes a gas seal 
(11), assuring the pump only to be imposed to oil without 
gas. Oil and gas from the reservoir (1) flows trough 
perforations (2), into a ring-space (3). This creates a 
significantly pressure drop of the mixture, in which creates 
turbulence so the gas content will separate from the oil. 
The pressure drop is regulated by the gas pressure valve 
(4). Gravitation forces the oil downwards, thus generating 
the important oil "bath". A main issue here, enabling 
pump to always be underneath the gas seal (11), is a 
regulation system that controls the height of gas seal (11), 
which means a direct surveillance of this height is 
necessary. This surveillance is preferably done by a height 
measurer (9). Other features of the present invention is, by 
inserting an additional tubing (16) with inlet valves (17), 
making down hole separation take place at very low 
pressure so no gas appears later in the oil transportation 
due to pressure variations. The additional tubing (16) is 
making existing tubings with existing perforations 
applicable for this invention, by increasing the height of 
the gas seal (11) above the existing perforations (2), thus 
enabling the pump to be placed in a oil "bath". 
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(57) Abstract: The main problem area this invention 
is solving, is concerning reservoirs containing gas with 
to low well-head pressure. It is therefore desirable to 
increase the well-head pressure by applying downhole 
pumps, however this is not possible if gas is present. The 
core idea in this present invention, is to place a pump (5) 
in a "bath" of oil (14), in which oil "bath" (14) makes a 
gas seal (11). assuring the pump only to be imposed to 
oil without gas. Oil and gas from the reservoir (1) flows 
trough perforations (2), into a ring-space (3). This creates 
a significantly pressure drop of the mixture, in which 
creates turbulence so the gas content will separate from 
the oil. The pressure drop is regulated by the gas pressure 
valve (4). Gravitation forces the oil downwards, thus 
generating the important oil M bath". A main issue here, 
enabling pump to always be underneath the gas seal (11), 
is a regulation system that controls the height of gas seal 
(11), which means a direct surveillance of this height is 
necessary. This surveillance is preferably done by a height 
measurer (9). Other features of the present invention is, 
by inserting an additional tubing (16) with inlet valves 
(17), making down hole separation take place at very low 
pressure so no gas appears later in the oil transportation 
due to pressure variations. The additional tubing (16) 
is making existing tubings with existing perforations 
applicable for this invention, by increasing the height of 
the gas seal (11) above the existing perforations (2), thus 
enabling the pump to be placed in a oil "bath". 



WO 00/77343 Al 



(48) Date of publication of this corrected version: 

1 March 2001 

(15) Information about Correction: 

see PCT Gazette No. 09/2001 of 1 March 2001, Section II 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



t 



WO 00/77343 PCT/NO00/00207 
APPARATUS AND METHOD FOR PRODUCING OIL AND GAS 

FIELD OF INVENTION 

This present invention enhances the production capacity from oil and gas reservoirs by 
combining a downhole gravitational separation process and submersible downhole pumps. In 
on of the preferred embodiments the downhole gravitational separating process will be 
preformed to a such degre of pureness that the oil will remain gas-free throughout the whole 
transportation of the oil, which especially is important when oil pressure is significantly 
dropping when transported upwards through production tubings. 

BACKGROUND OF THE INVENTION 

Most reservoirs contains a mixture of oil and gas, but the ration may vary. It is also usual that 
oil contains water and other liquids to some extent, so the further use of the term oil is therefor 
meant to also include water and other liquids. 

Production methods of such reservoirs are restricted by the well-head-pressure, that is the 
reservoir pressure minus the pressure drop towards the surface (pressure drop due to the oil 
column height). The reservoir pressure is decreasing as production take place. The production 
of oil, that is the volume-flow of oil, is determined by a sufficiently well-head-pressure to be 
economical feasible, and as a minimum this requires at least a positive well-head-pressure. 

To sustain or increase the reservoir pressure, a common solution is to reinject produced gas, 
and inject water and chemicals into the reservoir. However, in many cases, it is not physical or 
economic feasible to create or sustain a sufficiently reservoir pressure by these methods. This 
cause for a need and a desire for other solutions, such as using submersible pumps to pump the 
oil up. 

An additional reason why one might want to make use of downhole submersible pumps, is that 
this allows reservoir pressure at borehole to drop, thus a larger pressure difference throughout 
the reservoir is created. This means a larger flow towards the borehole and larger production. 

If there is a very small ration of gas present (approximately less than 10 vol % gas) in the 
reservoir, regular submersible downhole motor pumps are applicable, and are therefore usually 
used. This prolongs the production lifetime of the reservoir, and thus increase the total volume 
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produced from the reservoir. However, if there is a large amount of gas present, these kinds of 
pumps are not applicable. Such pumps only allows a limited amount of gas to be entrained 
therein, without developing problems which may damage the pump and generally cause 
unsatisfactory operations. 

Creative research has resulted in different kinds of centrifugal separation systems, which 
separates gas from the oil-gas mixture, thus making downhole pumps applicable. An example 
of such separating system is patent publication NO 3000515 Bl, which has rotating helical 
bafflers within the production tube, creating larger centrifugal forces on the oil than it does on 
the lighter gas. A tubing within the production tube collects this separated oil, and it is then 
pumped upwards. US patent 5,482,1 17 is based on the same centrifugal principle, but makes 
use of stationary helical bafflers in stead of rotating helical bafflers. In addition, these patents 
suggest to make use of the separated gas, as so called "gas-lift". Gas due to it has low weight 
per volume, does not have the same pressure drop in heights as oil, thus when it is injected in 
the oil column above the pump this will increase the pressure, lifting the oil upwards. 

Systems based on centrifugal separation are characterized by requiring complex baffler 
constructions, and complex tubing arrangements to make space for. bafflers, pumps and the 
two tubes for the gas and the oil. Further, rotational bafflers are fairly energy (electricity) 
consuming. At some production sites electricity is not easily or economic available, such as off- 
shore production sites. 

In addition when a very high ratio of gas occur, in the case for rotational bafflers, the baffler 
motor might overheat due to the reduced heat capacity in oil-gas mixture. In the case for 
stationary bafflers, a pressure drop will occur proportional with the number of turns the helical 
baffler has, thus larger pump power will be required. The centrifugal separation does not 
necessary imply a totally separation, thus an additional separation is needed at ground level. 
Further problems could be that the helical bafflers may easily be plunged up, even if small 
object enters into the path. 

Due to these problems it is desirable to find new solutions making regular submersible 
downhole motor pumps applicable for reservoirs containing gas. Until now, centrifugal 
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separation methods seems to be the only solution the industry has come up with to solve this 
problem. 



However, to separate gas to make regular submersible downhole motor pumps applicable in 
reservoirs containing gas, is only one of the objectives by this present invention. During 
production of oil, it is transported vertically through production tube, thus the oil pressure will 
decrease. So, even if gas apparently seems separated from oil down in the tubing, this is not 
correct since gas will "appear" proportionally with the pressure decrease in height, due to gas 
is much more compressible than oil. That is, the gas together with oil is so compressed at high 
pressures (at large depths) that it seems not to be present. When the pressure of this mixture 
decreases, the gas expand (in volume) relatively much more than oil. This causes many 
problems. One is that the oil produced is not pure enough to be transported away and therefore 
needs additional separation. When oil is transported over long distances this requires additional 
pumping activities, which means no gas can be present. So, another accomplishment of this 
present invention is performing the downhole separating process to a such degree of pureness 
that the oil will remain gas-free throughout the whole transportation of the oil production. 



SUMMARY OF THE INVENTION 



This present invention enhances production capacity from oil and gas reservoirs. 
This is primary achieved by making regular submersible downhole motor pumps applicable in 
oil reservoirs containing gas in a more economical and profitable way. This could partly be 
achieved by making a solution not being depended on centrifugal separation. Further, this 
invention is understood to be easier and less expensive to make and use, and also be more 
sustainable. In addition this invention has the opportunity, if desired, to produce totally 
separated products of oil and gas. 

The core idea in this present invention is to place a pump 5 in a «bath» of oil 14, in which oil 
«bath» 14 makes a gas seal, assuring the pump only to be imposed to oil without gas. In one of 
the preferred embodiments (figure 1), oil and gas from the reservoir flows trough perforations 
2, into a ring-space 3. This creates a significantly pressure drop of the mixture, in which 
creates turbulence so the gas content will separate from the oil. The pressure drop is regulated . 
by the gas pressure valve 4. 
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Mainly due to gravity and to some extent the pumping activity 5, the mixture flow is directed 
downwards. During a limited time this mixture will appear in a turbulent flow, then most gas 

Smce gas is lighter than oil, the gas contents will increase its buoyancy relative to oil durin. the 
groupmg process. This increased buoyancy creates a flow of gas in the opposite direction, *at 
is upwards, at a speed relative larger than the oil flow downwards. At some height 
level 11, the turbulent flow turns to laminar flow, and it is from this height level and 
downwards the «bath» of oil is present. Then, only an insignificant content of gas is present 
this ,s the height level 11, which also is referred to as the gas seal 11. 

V,ewed isolated, this gravitational separation principle is in its self a technology which from 
US patent 2,293, 1 96 was known to the industry already in 1939 (see figure 4). And of course 
at that point of time, there were also an awareness of the consequences of small well-head- 
pressure. The same US patent 2,293,196 suggested therefore to repressure the reservoir by the 
produced gas, however despite this awareness, no submerged pump was then suggested to be 
used underneath the gas-seal. This opportunity was probably not seen by this US patent 
inventor, nor the remaining industry developers so far, due to the obstacles such an 
implementation of a submergible pump would imply. 

First and most important, a regulation system that can assure that gas-seal 11 never to break 
underneath the intake level 15 for the pump 5, is the main key that enables this present 
invents to operate. A regulation according to the regulator that US patent 2 293 196 
suggested, can not accomplish this. Locking at figure 4, representing the main idea from US 
patent 2,293,196, we can get an understanding of the restrictions the regulator 18 in that 
patent causes. It is also important to emphasize that this US patent 2,293,196 main objective is 
to separate, and has no suggestions of adding lifting power what so ever to the oil column 
When fluid height level 20 approaches the lower end of the inner tubing the fluids well-head 
pressure (PWH) increases relatively to the gas pressure (GP), like a wave motion. The 
diaphragm 19 inside the regulator 21 is mechanical linked to the fluid production flow valve 
21, then reducing the production allowing fluid to accumulate. Fluid level 20 then increases 
reducing fluids well-head pressure (PWH) relatively to gas pressure (PG ), thus making the ' 
valve 21 open for production again. 
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However, if a pump had been put at the end of the inner tubing at the separation system 
presented in figure 4, the regulator 18 would not work. A reduction of the height level 20 
would not have any significant impact on the well-head pressure (PWH), since this pressure 
difference caused in ring-space would have to work its way through the pump, or even maybe 
several pumps. Since there would be no significantly pressure variations relative to gas 
pressure (GP), the diaphragm 19 would not move, thus no regulation. To understand that the 
pumps tends to sustain the well-head pressure (WHP), it is fruitful to observe what would 
happen if height level 20 increases. Then the pump would continue its pumping operation, 
therefore causing an approximately sustained well-head pressure (PWH). And even if these 
pressure variations could work its way through the pump(s), it would at least cause a to large 
delay on making an effect on the regulator 1 8, that is the response time would be way to slow. 

A conclusion of the above mentioned, is that the present invention requires a much more 
sophisticated regulation system to sustain the desired height of the gas seal, if a pump is placed 
into the inner tubing of the regulation system presented in figure 4. According to this present 
invention, now referring to figure 1, the most efficient way to regulate this is to survey the 
height level of the gas seal by a height measurer 9, and process this information via a regulating 
processor to control the regulation control variables. The regulating processor would 
preferably be a computer processor (not drawn). Anyhow, the key for success here is to 
identify the need for a surveillance of the height of the gas seal. 

Secondly there are some geometrically restrictions which must be met, in order to 
geometrically allow gas to separate, mainly this means that the spacing in ring-space 3 need to 
be large enough to physically enabling gas bobbles to escape. Also, the distance from 
perforations 2 and gas-seal 1 1 must be long enough to give the gas enough time to -escape. 

An other example of known gravitational separation is UK Patent Application GB 2 326 895, 
which separates water from a oil-gas mixture over the well-tube distance, by orienting the well- 
tube in a non-vertical direction. Since the oil-gas mixture is lighter then water, it will position 
itself at the top part of the tube and is then guided into a inner tubing and then pumped further. 
However, the pump here has no assurance not to be imposed by significantly amounts of gas. 
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BREIF DECRIPION OF THE DRAWINGS 

Drawing 1 is one of the preferred embodiments of the invention. 

Drawing 2 is another preferred embodiment of the invention, with reservoir flow inlet control 
abilities. 

Drawing 3 is similar to drawing 2, but with more explanatory details regarding the 
surroundings. 

Drawing 4 is representing the main idea from US patent 2,293,196, as an representation of 
prior art. 



DESCRIPTION OF THE PREFERED EMBODIMENTS 



pumps applicable for 



As mention, the main objective by this invention is to make submersible 
oil production in oil reservoirs where mixtures of oil and gas are present, especially when 
reservon- or well-head-pressure is low. Referring to figure 1, this is accomplished by the use of 
an gravrtational separator, allowing oil to aggregate at the bottom of a outer tubing 10 A 
mixture of oil and gas flows trough perforations 2 into a ring-space 3. The gas pressure in the 
ring-space 3 , s measured with the pressure meter 8 and is regulated by the 
valve 4. 



He pressure in ,he ring-sp.ce 3 is regulated .0 be much lower than in .he reservoir I This 
creates a pressure drop of rise mixture, as i, enters rise ring-space 3. thus turbulence is cretried 
Gravtty acts upon tins turbulent mixture and tries to force it downwards 

Due ,0 ,h. pressure drop, gas is allowed ,0 expand, and in addition due to the turbulent flow 
most of the gas will immediately escape from rise oil, towards the valve 4. Further, affected by 
rite turbulence, «he reminding gas wifj gather as bubbles, fhus increase its buoyancy relative ,0 
the od and move upwards. The oil will flow downward, mostly along the wellfubittgs 
aggregating a "oil-bath" f 4 at the end. Al the height ,evel where this aggregaud "oil-bath" 
beg^s, is where the turbulent miriure turns tori, a laminate flow of oil wi titou, gas, matutg a 
gas-sea, 11. „ js crucial tha, tins gas-seal 11 isltep, above the oil intake 15, thus allowing n0 
gas ,„ enter the pump s. The gas sea, lev* 11, is con,i„ U o„s,y or fretptentiy measurer, by a 
hetglt, meaner 9. The gas sea, ,evel 1 1 heigh, mfonnation is used bv a regulator which 
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processes this information to control the pump power 5 and the outlet-valve 12. If the gas-seal 
11 level is to low, pump power is reduced or outlet- valve 12 opening is reduced, or a 
combination of these. In the other hand, if the gas-seal 11 level is to high, pump power is 
increased or outlet-valve 12 opening is increased, or a combination of these. In addition if 
necessary, this regulator can also be combined with gas pressure information and regulate gas 
pressure by valve 4. A reduction of gas pressure, could increase the inlet flow from the 
reservoir due to a larger pressure drop. This way the height of gas seal level 11 can be 
reestablish if it is to low. The opposite would be to increase gas pressure if height of gas seal 
level 11 is to high. 

The main control variables of this regulation system are pump 5 power, valve 12 and valve 4, 
and main input values are height level of gas-seal 11. Other variables and values could also be 
used, for example gas and oil production rates and oil production valve 7. 

Apart for the regulation, it is also crucial that there is a sufficient spacing between gas-seal 1 1 
and perforations 2, allowing separation to have time to occur. Also the spacing in ring-space 3 
has to be large enough to physically enable gas bobbles to escape. 

The pump 5 is placed underneath the gas seal level 11, and a regular submersible pump S can 
now be applied. Preferably this pump is a centrifugal type, or if necessary a multiple stage type 
centrifugal pump. Alternatively several pumps along the tubing, with spacing between them 
could be used. The pump or pumps are positioned inside the tubing 6, preferably the first pump 
5 is near the intake 15, or at least underneath (in height level) the gas-seal 11. However if 
sufficiently volume-flow of oil is assured, the first pump 5 could be position further up inside 
the tubing 6. 

In special cases where it is not so important that the produced oil is completely free of gas, or 
where power supply to the pumps are low, use of gas lifts after the pumping action could be a 
alternatively additional solution. The oil is produced through valve 7. The oil column inside the 
tubing 6, are given an additional lift by several gas valves 13 along the tubing 6, reducing the 
required power from pump 5. The gas will be pressured into the oil-column since the pressure 
drop in height is significantly larger for the oil than the gas, due to their weight differences. 
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These gas valves 13 would in most cases be preferred to be one-way-valves, especially if large 
variations of gas pressures occurs. If it is desired, to produce totally gas free oil, the column 
pressure will be regulated to always to be larger than ring-space 3 pressure (that is the gas 
pressure). Gas is then not able to enter the oil column. This can be achieved by reducing ring- 
space 3 pressure through valve 4, or increase column pressure trough valve 12 or increase 
pump 5 power, or as a combination of this. Of course, another possibility obtaining gas free 
oil, is not to apply gas lifts at all, but this again would require larger pumps. 

When alternatively using several pumps inside and spaced along the tubing 6, such gas lift 
could not be applied at height levels underneath the upper pump since the gas then would make 
the submersible pumps inapplicable. 



is a 



Another preferred embodiment of the present invention, now referring to figure 2 and 3, , 
slightly different arrangement regarding the oil and gas mixtures inlet into the ring-space 3. 
This preferred embodiment has two very important additional features than the first mentioned 
preferred embodiment. 

First, the largest need for downhole pumping activity is usually present after a long time of 
production when reservoir pressure is becoming low, which implies that the drilling activity 
and tubes are already positioned. The perforations, that is the reservoir inlet, is then therefore 
positioned at the bottom at drilled hole, so there is no room for a oil bath in which a pump can 
be placed in. To drill a longer hole, and prolong the outer tubing would be an expensive 
operation. Thus, a way to generate a "oil-bath" at the same or higher level that the perforation 
are therefore very desirable, and this is what this second preferred embodiment accomplishes. 

Secondly, this preferred embodiment has the opportunity to perform a separating process to a 
such degree of pureness, that the oil will remain gas-free throughout the whole transportation 
of the oil production. 

Compared to what is shown in figure 1, this second preferred embodiment has an additional 
casing 16 (figure 2 and 3) is inserted into the oil-bath 14. Outside this casing 16, at a lower 
height level are the perforations 2 positioned. This casing 16 heightens the inlet of the reservoir 
fluids 1 into ring-space 3, where the gravitational separation takes place. 
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Inlet valves 17 at the top of the casing 16, combined with a regulation system mentioned above 
when referring to figure 1, are controlling the inlet flow into the ring-space 3. This 
arrangement gives an additional control parameter to regulate the height of the gas seal level 
11. If the gas seal level 11 is getting to low, the inlet valves 17 can be opened. An additional 
advantage here, is that the effective total distance from perforations 2 to gas seal level 11 is 
increased (sum of up, inside and then down), so that the time gas has to escape from oil is 
increased. 

A further advantage by having the inlet valves 17, combined with gas pressure valve 4, is an 
accomplishment of having a complete control over the gas-pressure in ring space 3. This means 
that the gas pressure can be reduced to such low level that a completely separation take place. 
Gas will therefor not occur in the oil as it is produced upwards, since the oil already has been 
to this low pressure before it was pumped up. 

This pressure control ability can also be accomplished in the first mentioned embodiment (fig 
1), by establishing inlet valves (not drawn) in the perforations 2. Or alternatively insert an inner 
tubing (not drawn) over perforations 2 which encloses the reservoir inlet. With the new inner 
tubing containing inlet valves, this would result in the desired control ability. 

To both above-mentioned preferred embodiments, there are a various number of possibilities to 
catalyze the gravitational separation. To mention some examples different kinds of grids could 
be applied in the ring-space 3 to enhance the separation, mist extractors or treads/wires could 
be applied in the ring-space 3 in which the oil could adhere to. Chemicals could be inserted as 
the mixture enters the separation or during the separation. Stationary or rotational bafflers 
could be inserted into the ring-space, making it-easier for the gas to escape from the oil. Or 
further examples could be to design different shapes of perforations to affect the gravitational 
separation process. 
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CLAIMS 



1 Apparatus producing fluids from a oil and gas reservo, 1 comprising a borehole casing 10 
with perforations 2 initiating a gravitational separating process of gas from the reservoir 1 ' 
and a tubmg 6 which end 15 is positioned underneath a gas seal level 11 created by the 
gravnational separating process characterized^ submersible pump 5 or pumps 5 
bemg positioned within the tubing 6, preferably the first pump 5 positioned at a height level 
underneath the gas-seal 11. 

2. Method according to claim 1 ch a r a c t e r i 2 e d by that a height measurer 9 is 
posmoned in the ring-space 3, to measure the height level of the gas-seal 11. 

3. Apparatus according to claim lcharariori,^ t. , • 

characterized by a regulating valve 12 positioned 

slightly above the lowest of the pumps 5. 

4. Appamusaccordrngtoclaim. characterized by to the nng- S pace 3 comprise . 
pressure meter « and a regulating valve 4 ,„ regular the gas pressure in ring-space 3. 

5. Apparatus according ,o chin, 1 c h a r a c . e r i z e d by to valves .3 are positioned 
along tubtng t allowing gas ,o enter the oil column inside tubing 6, giving the „i, column 
inside the tubing 6 an additional lift. 

6. Apparatus according to data! characterized by comprising an hmer tubing 16 
whtcb encloses the reservoir fluid . inlet and inlet valves 1 7 comrolling the inlet of enclosed 
reservoir fluid 1 to ring-space 3. 

7. Method for produchtg fluid from a oD and gas resesvoi, 1 by bringing the fluid 1 tough 
perforations 2, enabling gas to be gravitational sepanued from the fluid 1 inside the ring- 
apace 3, thus generating a oil bad, 14 containing only an msigmficant, if any, amount of gas 
m whtch oil 14 is produced through a tubing 6 which end is underneath the gas-seal n 

c h a r a c ■ e r i z e d by that there are applied one or more pumps 5 inside the tubing 6 
where preferably the fim pump S is position* a. heigh, leve. underneath the gas-sea. H 
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8. Method according to claim 7characterized by that the height level of the 
gas-seal 11 is regulated by the power applied at the pump(s) S, and/or by the opening of a 
valve 12 positioned inside the tubing 6 slightly above the lowest of the pumps 5, and/or by 
regulating gas pressure in ring-space 3 by valve 4. 

9. Method according to claim 7and8characterized by that the height level of the 
gas-seal 11 is measured by a height measurer 9. 

1 0. Method according to claim 7characterized by that the oil column inside tubing 6 is 
given an additional lift by valves 13 allowing gas from ring-space 3 to be inserted along the 
tubing 6. 

1 1 . Method according to claim 7characterized by that the separated gas is produced 
up through ring-space 3. 

12. Method according to claim 7andllcharacterized by that the gas pressure in the 
ring-space 3 is measured by a pressure meter 8 and regulated by a valve 4 

13. Method according to claim 7 and 11 characterized by comprising an inner tubing 
16 which encloses the reservoir fluid 1 inlet and inlet valves 17 controlling the inlet of 
enclosed reservoir fluid 1 to ring-space 3. 



11 



WO 00/77343 



PCT/NO00/00207 




-14 



1/4 

SUBSTITUTE SHEET (RULE 26) 




2/4 

SUBSTITUTE SHEET (RULE 56} 



WO 00/77343 




3/4 

SUBSTITUTE SHEET {RULE 26) 



PCT7NO00/00207 



PRIOR ART 




I B 

I I 

■ ■ 

■ I 



-20 



4/4 

SUBSTITUTE SHEET (RULE 26) 



1 

INTERNATIONAL SEARCH REPORT 
A. CLASSIFICATION OF SUBJECT MATTER 



International application No. 

PCT/NO 00/00207 



I J£ C J : E ^ 1B 43/38 . 43/12, E21B 43/16 

IB. FIELDS SEARCHED — 



I Minimum documentation searched (classif,cauon system followed by classification symbols) 

IPC7: E21B 



i Documentation searched other .ban minimum documentation to the extent that such documents are included in the fieKs searched 

SE,DK,FI f N0 classes as above 

Efcctronic data base consulted during the internauona, search (name of data base and. .here practice, search terms used) 

EPOD0C, WPI 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 



US 4 rSfo§ £ c^^*™"*. JR.), 5 March 1985 
105.03.85), column 2 - column 3, figures 1-2 



68 2 ??S 5 51 «,(° RYX EMERGY COMPANY), 10 June 1992 
(10.06.92), page 10 - page 11, figures 1-2 



Li° X - OILIER) , 9 August 1988 
(09.08.88), column 3 - column 4 



□ Further documents are listed in th e continuation of Bo* C. [J See patem famUy ^ 

I • C ' -i _ . 



Relevant to claim No. 



I- 4,7-9, 

II- 12 



1,7 



1,7 



Special categories of cited documents: 
A ' S*5t^£E? ^ of the an w*ich is not cohered 
*E- erlier document but published on or after the international filing date 
* L " ^^rat wliich may throw doubts on pnomy claamfs) or which is 

SS^^f 1 of another tiSon Joto 

speaal reason (as specified) 

"°" ^SnT^ »*™g U) an oral disclosure, use, exhibitor, or other 
J^^^^^^theinten^c^ filing date but ,aur than 
I Date of the actual completion of the international search" 

26 Sept ?nnn 

I Name and mailing address of the ISA/ 

Swedish Patent Office 

Box 5055, S-102 42 STOCKHOLM 
| Facsimile No. +46 8 666 02 86 
Form PCT/ISA/210 (second sheet) (July 1992) 



* T * J** f! 0 ^ 011 Published alter the international filing date or priority I 
date and not in conflict with the application but cited to understand 1 
the principle or theory underlying the invention 

X f^flL 0f pa3 ? cuJar ^evance: the claimed invention cannot be 
^£2?™"? <* caraM * °e considered to involve an inventive 
step when the document is taken alone 

" Y * ^?fll 0 / P art ? llar relevance the claimed invention cannot be 
* mvoJve an inventive step when the document ,s 
combined with one or more other such documents, such combination 
bong obvious to a person skilled in the art 

docum ent member of the same patent family 
Date of mailing of the international search report 

0 4 -JO- Zflflfl 

Authorized officer 

Christer Backnert / MRo 

Telephone No. + 46 8 782 25 00 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 

01/08/00 | 


International application No. 

PCT/NO 00/00207 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


US 4502536 


A 


05/03/85 


NONE 








GB 2250544 


A 


10/06/92 


CA 
US 
US 


2053606 A 
5154588 A 
5271725 A 


19/04/92 I 
13/10/92 | 
21/12/93 


US 4762176 


A 


09/08/88 


NONE 









Form PCT/1SA/210 (patent family annex) (July 1992) 



THIS PAGE BLANK (usfto) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
21 December 2000 (21.12.2000) 




PCT 



(10) International Publication Number 

WO 00/77343 Al 



(51) International Patent Classification 7 : E21B 43/38, 
43/12, 43/16 

(21) International Application Number: PCT/NO00/00207 

(22) International Filing Date: 15 June 2000 (15.06.2000) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
19992947 



16 June 1999 (16.06.1999) NO 



(71) Applicant and 

(72) Inventor: HEGGHOLMEN, Jon, Kare [NO/NO]; 
Alvheim, N-5336 Tjeldsj0 (NO). 

(81) Designated States (national): AE, AL, AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, 



DM, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, 
LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, 
UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, 
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCTOazette. 



(54) Title: APPARATUS AND METHOD FOR PRODUCING OIL AND GAS 



o 
O 




(57) Abstract: The main problem area this invention is solving, is concerning reservoirs containing gas with to low well-head pres- 
sure. It is therefore desirable to increase the well-head pressure by applying downhole pumps, however this is not possible if gas 
is present. The core idea in this present invention, is to place a pump (5) in a "bath" of oil (14), in which oil "bath" (14) makes a 
gas seal (11), assuring the pump only to be imposed to oil without gas. Oil and gas from the reservoir <1) flows trough perforations 
(2), into a ring-space (3). This creates a significantly pressure drop of the mixture, in which creates turbulence so the gas content 
will separate from the oil. The pressure drop is regulated by the gas pressure valve (4). Gravitation forces the oil downwards, thus 
generating the important 

[Continued on next page] 



heightmeasun^O). Other features of .he^L^SS is iSL ^^ ^^^ * preferab, y done * a 
down hole separation take place at very low™™^ ' c ' ? *" a ? dltlonal mbui 8 (16) with inlet valves (17), making 

additional tubing ( . 6) is mLg JS^S^JSSSS^ " f" ? fT"**" *• ■» I— variations. The 
th.gassea.ClOabovetheexistingpeiration^ 



WO 00/77343 PCT/NO00/00207 
APPARATUS AND METHOD FOR PRODUCING OIL AND GAS 

FIELD OF INVENTION 

This present invention enhances the production capacity from oil and gas reservoirs by 
combining a downhole gravitational separation process and submersible downhole pumps. In 
on of the preferred embodiments the downhole gravitational separating process will be 
preformed to a such degre of pureness that the oil will remain gas-free throughout the whole 
transportation of the oil, which especially is important when oil pressure is significantly 
dropping when transported upwards through production tubings. 

BACKGROUND OF THE INVENTION 

Most reservoirs contains a mixture of oil and gas, but the ration may vary. It is also usual that 
oil contains water and other liquids to some extent, so the further use of the term oil is therefor 
meant to also include water and other liquids. 

Production methods of such reservoirs are restricted by the well-head-pressure, that is the 
reservoir pressure minus the pressure drop towards the surface (pressure drop due to the oil 
column height). The reservoir pressure is decreasing as production take place. The production 
of oil, that is the volume-flow of oil, is determined by a sufficiently well-head-pressure to be 
economical feasible, and as a minimum this requires at least a positive well-head-pressure. 

To sustain or increase the reservoir pressure, a common solution is to reinject produced gas, 
and inject water and chemicals into the reservoir. However, in many cases, it is not physical or 
economic feasible to create or sustain a sufficiently reservoir pressure by these methods. This 
cause for a need and a desire for other solutions, such as using submersible pumps to pump the 
oil up. 

An additional reason why one might want to make use of downhole submersible pumps, is that 
this allows reservoir pressure at borehole to drop, thus a larger pressure difference throughout 
the reservoir is created. This means a larger flow towards the borehole and larger production. 

If there is a very small ration of gas present (approximately less than 10 vol % gas) in the 
reservoir, regular submersible downhole motor pumps are applicable, and are therefore usually 
used. This prolongs the production lifetime of the reservoir, and thus increase the total volume 
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separation methods seems to be the only solution the industry has come up with to solve this 
problem. 



However, to separate gas to make regular submersible downhole motor pumps applicable in 
reservoirs containing gas, is only one of the objectives by this present invention. During 
production of oil, it is transported vertically through production tube, thus the oil pressure will 
decrease. So, even if gas apparently seems separated from oil down in the tubing, this is not 
correct since gas will "appear" proportionally with the pressure decrease in height, due to gas 
is much more compressible than oil. That is, the gas together with oil is so compressed at high 
pressures (at large depths) that it seems not to be present. When the pressure of this mixture 
decreases, the gas expand (in volume) relatively much more than oil. This causes many 
problems. One is that the oil produced is not pure enough to be transported away and therefore 
needs additional separation. When oil is transported over long distances this requires additional 
pumping activities, which means no gas can be present. So, another accomplishment of this 
present invention is performing the downhole separating process to a such degree of pureness 
that the oil will remain gas-free throughout the whole transportation of the oil production. 

SUMMARY OF THE INVENTION 

This present invention enhances production capacity from oil and gas reservoirs. 
This is primary achieved by making regular submersible downhole motor pumps applicable in 
oil reservoirs containing gas in a more economical and profitable way. This could partly be 
achieved by making a solution not being depended on centrifugal separation. Further, this 
invention is understood to be easier and less expensive to make and use, and also be more 
sustainable. In addition this invention has the opportunity, if desired, to produce totally 
separated products of oil and gas. 

The core idea in this present invention is to place a pump 5 in a «bath» of oil 14, in which oil 
«bath» 14 makes a gas seal, assuring the pump only to be imposed to oil without gas. In one of 
the preferred embodiments (figure 1), oil and gas from the reservoir flows trough perforations 
2, into a ring-space 3. This creates a significantly pressure drop of the mixture, in which 
creates turbulence so the gas content will separate from the oil. The pressure drop is regulated 
by the gas pressure valve 4. 
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BREJF DECRIPION OF THE DRAWINGS 

Drawing 1 is one of the preferred embodiments of the invention 

jawing 2 is another preferred embodiment of the invention, with reservoir flow inlet control 
abilities. 

Drawipg 3 is sfailar «o oxawiog 2, but ^ more ^ r 

surroundings. 

Drawing 4 is represe^ing . ^ idea Som us ^ ^ 
pnor art. 



DESCRIPTION OF THE PREFERED EMBODIMENTS 
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mixture of oil and gas flows trough Derforariom 2 Jm« o ■ ' 

. Ugn Peit0rat10ns 2 mto a nng-space 3. The gas pressure in the 

nng-space 3 „ measured with the pressure meter 8 and is regulated by the 

valve 4. 
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processes this information to control the pump power 5 and the outlet-valve 12. If the gas-seal 
11 level is to low, pump power is reduced or outlet-valve 12 opening is reduced, or a 
combination of these. In the other hand, if the gas-seal 11 level is to high, pump power is 
increased or outlet-valve 12 opening is increased, or a combination of these. In addition if 
necessary, this regulator can also be combined with gas pressure information and regulate gas 
pressure by valve 4. A reduction of gas pressure, could increase the inlet flow from the 
reservoir due to a larger pressure drop. This way the height of gas seal level 11 can be 
reestablish if it is to low. The opposite would be to increase gas pressure if height of gas seal 
level 11 is to high. 

The main control variables of this regulation system are pump 5 power, valve 12 and valve 4, 
and main input values are height level of gas-seal 11. Other variables and values could also be 
used, for example gas and oil production rates and oil production valve 7. 

Apart for the regulation, it is also crucial that there is a sufficient spacing between gas-seal 11 
and perforations 2, allowing separation to have time to occur. Also the spacing in ring-space 3 
has to be large enough to physically enable gas bobbles to escape. 

The pump 5 is placed underneath the gas seal level 11, and a regular submersible pump 5*can 
now be applied. Preferably this pump is a centrifugal type, or if necessary a multiple stage type 
centrifugal pump. Alternatively several pumps along the tubing, with spacing between them 
could be used. The pump or pumps are positioned inside the tubing 6, preferably the first pump 
5 is near the intake 15, or at least underneath (in height level) the gas-seal 11. However if 
sufficiently volume-flow of oil is assured, the first pump 5 could be position further up inside 
the tubing 6. 

In special cases where it is not so important that the produced oil is completely free of gas, or 
where power supply to the pumps are low, use of gas lifts after the pumping action could be a 
alternatively additional solution. The oil is produced through valve 7. The oil column inside the 
tubing 6, are given an additional lift by several gas valves 13 along the tubing 6, reducing the 
required power from pump 5. The gas will be pressured into the oil-column since the pressure 
drop in height is significantly larger for the oil than the gas, due to their weight differences. 
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TTtese gas valves 13 would in most cases be prefer ,o be o„e-way-va,ves, especiany if large 
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Inlet valves 17 at the top of the casing 16, combined with a regulation system mentioned above 
when referring to figure 1, are controlling the inlet flow into the ring-space 3. This 
arrangement gives an additional control parameter to regulate the height of the gas seal level 
11. If the gas seal level 11 is getting to low, the inlet valves 17 can be opened. An additional 
advantage here, is that the effective total distance from perforations 2 to gas seal level 1 1 is 
increased (sum of up, inside and then down), so that the time gas has to escape from oil is 
increased. 

A further advantage by having the inlet valves 17, combined with gas pressure valve 4, is an 
accomplishment of having a complete control over the gas-pressure in ring space 3. This means 
that the gas pressure can be reduced to such low level that a completely separation take place. 
Gas will therefor not occur in the oil as it is produced upwards, since the oil already has been 
to this low pressure before it was pumped up. 

This pressure control ability can also be accomplished in the first mentioned embodiment (fig 
1), by establishing inlet valves (not drawn) in the perforations 2. Or alternatively insert an inner 
tubing (not drawn) over perforations 2 which encloses the reservoir inlet. With the new inner 
tubing containing inlet valves, this would result in the desired control ability. 

To both above-mentioned preferred embodiments, there are a various number of possibilities to 
catalyze the gravitational separation. To mention some examples different kinds of grids could 
be applied in the ring-space 3 to enhance the separation, mist extractors or treads/wires could 
be applied in the ring-space 3 in which the oil could adhere to. Chemicals could be inserted as 
the mixture enters the separation or during the separation. "Stationary or rotational bafflers 
could be inserted into the ring-space, making it easier for the gas to escape from the oil. Or 
further examples could be to design different shapes of perforations to affect the gravitational 
separation process. 
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1. Apparatus producing fluids from a oil and gas reservoir 1 comprising a borehole casin» 10 
with perforations 2 initiating a gravitational separating process of gas from the reservoir 1 
and a tubmg 6 which end 15 is positioned underneath a gas seal level 11 created by the 
gravitational separating process characterized* submersible pump 5 or pumps 5 
being positioned within the tubing 6, preferably the first pump S positioned at a height level 
underneath the gas-seal 11. 

2. Method according to claim 1 c h a r a c t e r i z e d by that a height measurer 9 is 
positioned in the ring-space 3, to measure the height level of the gas-seal 11. 

3. Apparatus according to claim 1 characterized by a regulating valve 12 positioned 
slightly above the lowest of the pumps 5. 

4. Apparatus according to claim 1 characterized by that the ring-space 3 comprise a 
pressure meter 8 and a regulating valve 4 to regulate the gas pressure in ring-space 3. 

5. Apparatus according to claim 1 characterized by that valves 13 are positioned 
along tubmg 6 allowing gas to enter the oil column inside tubing 6, giving the oil column 
inside the tubing 6 an additional lift. 

6. Apparants according toclaitnl character! zed by comprising an inner wbingl. 
tvhtch enclose* the reservoir fluid , We, and We, valves 1 7 controlling Ate inle, of enclosed 
reservoir fluid 1 to ring-space 3. 

7. Method for producing fluid from a oil and gas reservoir 1 by bringing the fluid 1 through 
perforations 2, enabling gas to be gravitational separated from the fluid 1 inside the ring- 
space 3, thus generating a oil bath 14 containing only an insignificant, if any, amount of gas 
in which oil 14 is produced through a tubing 6 which end is underneath the gas-seal 11 

c h a r a c t e r i z e d by that there are applied one or more pumps 5 inside the tubing 6 
where preferably the first pump 5 is positioned at height level underneath the gas-seal 11 
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8. Method according to claim 7chara.cterized by that the height level of the 
gas-seal 11 is regulated by the power applied at the pump(s) 5, and/or by the opening of a 
valve 12 positioned inside the tubing 6 slightly above the lowest of the pumps 5, and/or by 
regulating gas pressure in ring-space 3 by valve 4. 

9. Method according to claim 7 and 8characterized by that the height level of the 
gas-seal 11 is measured by a height measurer 9. 

1 0. Method according to claim 7characterized by that the oil column inside tubing 6 is 
given an additional lift by valves 13 allowing gas from ring-space 3 to be inserted along the 
tubing 6. 

1 1 . Method according to claim 7characterized by that the separated gas is produced 
up through ring-space 3. 

12. Method according to claim 7 and 11 characterized by that the gas pressure in the 
ring-space 3 is measured by a pressure meter 8 and regulated by a valve 4. 

13. Method according to claim 7 and 11 characterized by comprising an inner tubing 
16 which encloses the reservoir fluid 1 inlet and inlet valves 17 controlling the inlet of 
enclosed reservoir fluid 1 to ring-space 3. 
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